Intranasal administration of hormone replacement therapy presents an original plasma kinetic profile with transient estrogen levels giving rise to the concept of pulsed therapy. To further understand the molecular effects of this new therapy, we have compared the effects of pulsed and continuous estradiol treatments on two critical aspects of estradiol action: gene expression and cell proliferation. Cells were stimulated with estradiol as 1-h pulsed or 24-h continuous treatments at concentrations such that the 24-h exposure (concentration×time) was identical in both conditions. In MCF7 cells, the transcriptional activity of estrogen receptors (ER) on a transiently transfected responsive estrogen response element-luciferase reporter construct was shown to be drastically (∼10-fold) and similarly stimulated after both treatments. Moreover, the increased mRNA expression of three representative estradiol-sensitive genes (pS2, cathepsin D, progesterone receptor), evaluated by Northern blot, was identical after 1-h pulse with 7 nM estradiol or continuous treatment with 0·29 nM estradiol with the same kinetic profile over 48 h. Proliferation was quantified by a histomorphometric method on primary cultures of human normal breast cells from reduction mammoplasties and using a fluorescence DNA assay in six human breast cancer cell lines which were ER positive or negative. After a 7-day treatment period, estradiol had no effect on the proliferation of the three ER negative cell lines (BT20, MDA MB231, SK BR3) but significantly stimulated the proliferation of the normal cells and of the three tumoral hormone-sensitive cell lines (MCF7, T47D, ZR 75-1); both hormone treatments producing the same increases in cell growth. In conclusion, we have shown that the genomic or proliferative effects of estradiol were identical with pulsed or continuous treatments, thus indicating that estrogenic effects are not strictly related to concentrations but rather to total hormone exposure.
Introduction
Aerodiol (Servier Laboratories, Neuilly-sur-Seine, France) is a novel formulation of 17 -estradiol intended to be administered by the nasal route for estrogen replacement therapy, in particular during the menopause. The nasal route offers many advantages when compared with the oral route since it circumvents major estradiol intestinal and hepatic first pass effects (Hussain 1998) and their adverse repercussions (Lievertz 1987) ; moreover, the nasal mucosa has been proven to be a good absorption site for estradiol and several other steroid hormones. Comparative clinical and pharmacokinetic studies performed with reference products and conducted in postmenopausal women have demonstrated that nasal administration of Aerodiol at a dose of 300 µg estradiol resulted in the same efficacy on climacteric symptoms as oral estradiol at a dose of 2 mg (Studd et al. 1999) and transdermal as estradiol at a dose of 50 µg/day (Lopes et al. 2000) ; at these doses nasal, oral and transdermal formulations have close 24-h hormonal impregnation (Devissaguet et al. 1999 ).
However, the kinetic profile of Aerodiol is completely different and introduced the concept of pulsed estrogen therapy: plasma estradiol concentrations reach transient high levels 10-30 min after administration, and return to postmenopausal values within 6 to 12 h. By contrast, transdermal and oral formulations lead to lower sustained estradiol concentrations over 24 h.
17 -Estradiol is known to produce its major long-term effects on cell structure and functions via its nuclear receptors (ER and ) which regulate gene transcription and elicit specific protein synthesis (Gronemeyer & Laudet 1995) . Binding of the ligand to ER triggers a cascade of events which end up with the modulation of gene expression reflected by changes in some specific mRNAs and protein synthesis as well as pleiotropic effects on cell proliferation. Our first goal was to demonstrate that pulsed exposures were as efficient as continuous exposures on the expression of endogenous or transfected estrogen-regulated genes. Moreover, since the role of estrogens in the promotion of mammary or endometrial tumors is well known (IARC 1999) , it was important to show that the presence of such transient levels of estradiol after nasal treatment did not elicit unexpected biological effects different from those encountered with lower but steady levels as observed with orally administered hormone. Cell proliferation having been described as the most important receptor-mediated mechanism by which hormonally active compounds act in carcinogenesis of hormone-sensitive target tissues (IARC 1999) , the second part of the present study was devised to evaluate the in vitro proliferation of normal or tumoral human breast cells. The experimental conditions of estradiol exposure mimicked those observed in vivo in humans when estradiol is administered nasally and orally. Our results have demonstrated that genomic or proliferative effects of estradiol are not strictly related to concentrations of estradiol but rather to total exposure.
Materials and Methods

Human breast cancer cell lines
Human breast cancer cell lines were either obtained from the American Type Culture Collection (Rockville, MD, USA) (SK BR3, BT20), the Mason Research Institute (Rockville, MD, USA) (MDA MB231), the Michigan Cancer Foundation (Detroit, MI, USA) (MCF7) or were donated by Dr Keydar (Tel Aviv, Israel) (T47D) or Dr Lippman (NIH-NCI, Bethesda, MD, USA) (ZR 75-1). They were maintained under routine conditions (37 C, 5% CO 2 ) in their respective culture media (RPMI 1640 medium for T47D, BT20 and SK BR3; a 1/1 mixture of Ham's F12 (F12) and Dulbecco's modified Eagle's medium (DEM) (F12/DEM) for MCF7 and ZR 75-1; DEM for MDA MB231 supplemented with 10% fetal calf serum (FCS) and penicillin/streptomycin (50 U/ml-50 µg/ml) (Life-Technologies, Rockford, MD, USA)).
Normal human breast epithelial (HBE) cells
Normal breast samples from 15 young women aged less than 25 years, without breast disease, who were undergoing reduction mammoplasty for esthetic purposes, were collected, according to the French law on clinical experimentation. They were digested with collagenase (0·15%; Boehringer Mannheim Chemical, Mannheim, Germany) plus hyaluronidase (0·05%; Sigma, St Louis, MO, USA) in Ham's F10 medium (Life-Technologies) and filtered through sieves to obtain pure normal epithelial cells (Prudhomme et al. 1984) . These cells were then allowed to grow at 37 C until subconfluence in a Ham's F10 medium containing insulin (0·12 U/ml), epidermal growth factor (EGF; 10 ng/ml), cholera toxin (10 ng/ml), triiodothyronine (6·5 ng/ml), cortisol (5 ng/ml) (all obtained from Sigma) and 5% human serum (medium A).
Estrogen solutions
Solutions of estradiol hemihydrate (batch 45302 provided by IRIS, Paris, France) and estrone (E9750; Sigma) were prepared in absolute ethanol and stored at 4 C in brown glass vials until use.
Transient transfection and luciferase assay
To withdraw endogenous steroids, MCF7 cells were washed twice with phosphate-buffered saline (PBS) or plain medium and then cultured for 5 days in phenol red-free medium supplemented with 5% dextran-coated charcoal treated FCS (DCC/FCS) (Vignon et al. 1980) . MCF7 cells were seeded at 2 10 6 cells/well in 6-well dishes (Falcon, Oxnard, CA, USA) and transiently transfected the following day by the calcium-phosphate method as previously described (Thenot et al. 1999) . Precipitates (5 µg DNA/well) contained 0·5 µg of the 17EB LUC+ reporter plasmid (Demirpence et al. 1992) with the consensus estrogen response element (ERE), upstream of the -globin promoter and the luciferase reporter gene, 2 µg of the control plasmid CMV--Gal (Clontech, Palo Alto, CA, USA) and 2·5 µg carrier plasmid pSG5. The following morning, cells were washed twice with PBS and stimulated with estradiol either at a high dose (7 nM) for 1 h or at a low dose (0·29 nM) for 24 h. Whole cell extracts were then prepared 12, 24, 36 or 48 h later in a cell lysis buffer (Promega, Madison, WI, USA). In a second series of experiments, a 1-h pulsed and a 24-h sustained treatment were performed and repeated the next day for an assessment of gene expression at 48 h. Luciferase activity was measured using an LKB 1251 luminometer by injection of luciferase assay reagent (Promega). -Galactosidase ( -Gal) activity was evaluated using a -Gal buffer (MgCl 2 1 mM, -mercaptoethanol 45 mM, orthonitrophenyl -Dgalactopyranoside 4 mg/ml in PBS). The reaction was stopped by adding 250 µl Na 2 CO 3 (1 M) and optical density at 420 nm was measured. Luciferase activity is expressed as relative luciferase units after correction for transfection efficacy using the -Gal values. Three different experiments were performed in triplicate and statistical analyses were performed by two-way ANOVA with contrast using BMDP software (Release 7) (Statistical Solutions Limited, Cork, Ireland) at the Biostatistics Laboratory (EA2415, by Professsor J P Daurès, University of Medicine, Montpellier, France). P<0·05 was considered as significant.
Northern blot experiments
MCF7 cells grown in 75 cm
2 flasks (Falcon) were withdrawn from steroids for 5 days prior to stimulation by estradiol. Total RNA was isolated using TRIzol reagent according to the manufacturer's procedure. RNA samples (40 µg) were loaded onto a 1% agarose denaturing gel and, after partial hydrolysis with NaOH, transferred onto nylon membranes and immobilized by UV irradiation. Blots were prehybridized for 16 h at 42 C and hybridized with the different 32 P-labeled probes at 2 10 6 c.p.m./ml for 2 days at 42 C. Probes were labeled using the Megaprime DNA labeling system (Life Technologies), according to the manufacturer's conditions. Membranes were washed twice in 1 SSC, 0·1% SDS for 1 h at 65 C and exposed for 24 h in a phosphorimager cassette. Hybridizations were done first with progesterone receptor (PR) and cathepsin D probes, then with 36B4 and pS2 probes. Plasmids containing cDNA sequences corresponding to 36B4, pS2 and cathepsin D (Cavailles et al. 1989 ) mRNAs were linearized. The PR probe corresponded to a fragment of 0·42 kb from the plasmid containing the B form of PR (Kastner et al. 1990 ). Values are expressed as photo-stimulated luminescence units and corrected using the estradiolinsensitive 36B4 mRNA levels. Three sets of experiments were performed and statistical analyses were as for transient transfection.
Cell growth experiments and proliferation assays
Normal HBE cells
For proliferation studies, the normal human breast cells were cultured for 2 days in 25 cm 2 flasks and, following a 24-h deprivation of serum, treated with estradiol in medium B, identical to medium A apart from being deprived of phenol red and containing human serum (1%), it also has EGF and insulin at concentrations 1/5 compared with those of medium A. A minimal amount (1%) of compatible human serum (Gompel et al. 1986 ) was used since DCC/FCS does not sustain HBE cell growth. This low concentration of serum provides the medium with estrogen concentrations below 10 11 M which therefore do not interfere with estradiol treatment. Cells were treated every 2 days with a pulse of 24 nM estradiol for 1 h or with continuous 1 nM estradiol for 1 week. Control cells treated with 0·1% ethanol were also run in parallel. After 1-h estradiol pulsed incubation, cells were washed and fresh medium was added (Ham's F10 without phenol red and 1% final serum concentration). Daily quantification of the proliferation was carried out using a validated morphometric method (Gompel et al. 1986 ). The numbers of intersections of a micrometric grid falling on cells were counted on seven fields every day. Proliferation is expressed as a histomorphometric growth index (HGI) and results are given as its percentage increase (means S.E.M.) from the first day, calculated as HGI=Dn D1/D1 (where D=day, n=1, 2 etc). Five separate experiments in triplicate were conducted and statistical analysis was performed using F-test and Neuman-Keuls analysis. P<0·05 was considered as significant.
To study estrogen intracellular retention (Prudhomme et al. 1984) , cells cultured as above were treated with 24 nM [ 3 H]estradiol ([6,7-3 H]estradiol, specific activity 53 Ci/mmol; NEN Research Products, Boston, MA, USA) for 1 h and harvested at 10 min, 30 min, 1 h, 2 h, 8 h and 24 h following hormone addition. After centrifugation, radioactivity was extracted from the pellet using three washes in ethanol containing [4- 14 C]estradiol and [4-14 C]estrone (3000 d.p.m. each, specific activity, 57 mCi/mmol; NEN Research Products) to monitor recovery. Thin layer chromatography was carried out on silicagel with a cyclohexaneethyl acetate (v/v) separation phase. Estradiol and estrone were measured at each time of estradiol incubation. Losses were estimated from the recovery of the 14 C-labeled tracers added to the samples. All experiments were performed in triplicate. DNA was quantified according to the 4 ,6-diamidino-2-phenylindol method using a fluorimeter. The results are expressed as fmol/µg DNA.
Human breast cancer cell lines
For growth experiments, cells were cultured in steroid-free media containing 10% DCC/FCS for 2 days and then switched to 3% DCC/FCS media for 3 days prior to plating in 24-well dishes (Falcon). Cells in dishes were left unchanged in 3% DCC/FCS media for 3 more days and then stimulated in media containing 3% (BT20, MDA MB231, SK BR3, ZR 75-1 and T47D) or 1% (MCF7) DCC/FCS with increasing concentrations of estradiol. For pulsed treatment, cells were stimulated with estradiol for 1 h every day and returned to the control medium for the remaining 23 h (medium with ethanol and 3 or 1% DCC/FCS). For continuous daily treatments, cells were incubated for 24 h with media containing estradiol following the same scheme of media changes. Growth was evaluated after 7 days of 1-h and 24-h daily treatment by total DNA measurement on three replicate wells fixed in situ with methanol by the DABA fluorimetric assay (405 nm excitation; 495 nm emission), as previously validated (Vignon et al. 1992 
Results
Gene expression using a transfected reporter plasmid containing an ERE
The study of the regulation of ER transcriptional activity using transient transfection with an ERE reporter construct was our first approach to compare pulsed and continuous estrogen treatment efficacy at concentrations chosen to reflect those found in the plasma of postmenopausal women under hormone replacement therapy in both cases (Devissaguet et al. 1999) . Whether estradiol was administered as a 24-h continuous treatment at 0·29 nM concentration or as a 1-h pulsed stimulation at 7 nM concentration, it resulted in a drastic increase in luciferase activity over controls (5-to 11-fold range) (Fig. 1) . This increase was not significantly different between the pulsed or continuous single stimulation whatever the time of measurement after the beginning of treatment (Fig.  1a) ; it reached a maximum at 24 h which varied when compared with controls from 8·7-to 14·7-fold for the continuous treatment (mean 10-fold) and from 7·6-to 15·1-fold for the pulsed treatment (mean 10-fold) between experiments (not shown) and decreased from then on gradually to attain a mean 4·5-fold stimulation at 48 h. When treatments were repeated on 2 successive days (Fig. 1b) , no statistical difference in the effect of pulsed or continuous treatments was found 48 h after the beginning of the exposure to estradiol and the extent of the effect was in the same range of values to those observed 24 h after a single exposure (Fig. 1). 
mRNA expression of three endogenous genes
Using Northern blotting experiment and quantification, we then compared the effects of the two modes of estradiol treatment on the mRNA expression levels of three endogenous hormoneregulated genes which are the most frequently studied in breast cancer cells, the PR, the pS2 protein and the lysosomal protease cathepsin D (Rochefort 1995) (Fig. 2a) . All three mRNAs levels were significantly increased by either a continuous 24-h estradiol treatment at 0·29 nM or a 1-h pulsed estradiol stimulation at 7 nM (Fig. 2b, c and d) . The time-course of the mRNA induction was similar for pulsed and continuous treatments whichever gene was tested. A maximal stimulation was observed after 12 h for cathepsin D and PR reaching values 2·6-and 3·5-fold higher than controls; repeated administration on 2 successive days (restimulation experiment as in Fig. 1b) did not increase the effect above that of a single stimulation when data at 24 h and 48 h were considered (not shown). For pS2 mRNA, inductions were almost constant from 12-48 h (7·8-to 11·2-fold) and increased slightly at 48 h when treatments were repeated on 2 successive days (not shown). Statistical analysis demonstrated no significant differences between pulsed and continuous exposures.
Normal human breast cell proliferation
A time-course study over a 7-day period of treatment showed that the growth of estradioltreated as well as control HBE cells was regular although proliferation of control cells tended to reach a plateau on days 6 and 7 (Fig. 3) . Pulsed treatment or sustained incubation with estradiol led to a greater proliferation of HBE cells than control treatment on every day of the study ( Fig. 3 ) in primary cultures from five different patients. This effect was statistically significant on days 4, 5 and 7 for the pulsed incubation and on days 2, 3, 4 and 7 for the continuous incubation in comparison with incubation without estradiol. Final statistical analysis did not include data obtained on day 6 since some measurements were missing from that day.
There was no significant difference between the two modes of estradiol treatment although the proliferation of cells submitted to pulsed estradiol stimulation tended to be slightly lower than that of cells receiving estradiol continuously on any day of the study.
Cellular estradiol retention was studied after a pulsed incubation (24 nM for 1 h) with a radioactive ligand. High transient intracellular estradiol levels were observed during the early incubation period and the amount of hormone rapidly decreased thereafter as indicated by the following values of 162 27, 193 40, 197 60, 32 11, 20 5 and 17 10 (means S.E.M.) fmol/µg DNA at 10 min, 30 min, 1 h, 2 h, 8 h and 24 h after the beginning of the pulse incubation respectively. Intracellular estradiol accounted for 89-75% of the total intracellular radioactivity from 10 min to 24 h respectively.
Breast cancer cell proliferation
Estradiol had a minimal effect at any dose on ER cell lines whatever treatment was applied (Fig. 4d, e and f) . In the three ER+ cell lines and after 7 days of treatment, there was a significant increase (P<0·0001 for all groups except the group with continuous treatment for ZR 75-1 cells which was P<0·0004) in the proliferation of cells treated with a 1-h pulse or a 24-h continuous addition compared with control cells (Fig. 4a, b and c) . Maximal mean stimulation was different between cell lines and reached 3·5-to 10-fold over control for T47D, MCF7 and ZR 75-1 (Fig. 4) . The increase in proliferation was dose-dependent and soon reached a maximum in the MCF7 cell line whereas only the two final concentrations were plateauing in the two other ER+ cell lines (Fig. 4a,  b and c).
As demonstrated in Fig. 4 , statistical analysis on data from three experiments run in triplicate showed no overall significant difference between the pulsed and the continuous treatment in all three responsive ER+ cell lines. In addition, since estrone is the main estradiol metabolite (reaching a 1/1 estrone/estradiol ratio for the nasal and transdermal route and a 4/1 estrone/estradiol ratio for the oral route (Devissaguet et al. 1999 )), we have evaluated the influence of estrone addition at a 4 concentration over estradiol in continuous treatment in another series of experiments and found no substantial effect of estrone on estradiol proliferative activity in the ER+ cell lines (not shown).
Discussion
To date, estrogen replacement therapy has been mainly dedicated to provide sustained moderate plasma estradiol levels over 24 h as observed with reference formulations such as tablets and patches. Recently a nasal spray of estradiol has been developed. It displays completely different pharmacokinetics of plasma estradiol levels (Devissaguet et al. 1999), leading to a transient exposure to high estradiol levels and introducing the new concept of pulsed estrogen therapy. In clinical trials, pulsed estrogen therapy has demonstrated a clinical efficacy similar to reference compounds on climacteric symptoms (Studd et al. 1999 , Lopes et al. 2000 and bone (Garnero et al. 1999) and has been shown to be safe on some estradiol target organs (Mattsson et al. 2000) , especially the endometrium (Gompel et al. 2000) .
To provide further support for the efficacy and safety of such pulsed estrogen replacement therapy, we have compared, using human in vitro models, the results of a similar 24-h exposure to estradiol (equivalent area under the curve over 24 h) with two different schemes of estradiol treatment mimicking nasal and oral hormone replacement administration. There are, in fact, no reports in the literature on the influence of time, and particularly of intermittent exposure to estradiol, on the biological effects of the estrogen. Most in vitro studies have been performed with continuous hormone incubation and were designed to evaluate concentration-related effects. We decided to analyze, in human breast cells, two hormone-sensitive cellular endpoints which are well studied, i.e. transcriptional activity and cell proliferation. The effect of estradiol on gene transcription is the major primary direct effect of the hormone acting via its receptors whereas mitogenic stimulation is a more delayed and complex process probably involving direct and indirect genomic action as well as non-genomic effects of estrogens (Pietras & Szego 1999) .
When studied up to 48 h, our in vitro experiments allowed us to conclude that the same exposure of the cells to estradiol over 24 h, performed either continuously or as a pulse of 1 h, leads to the same estrogen-specific genomic effects. This also holds true for the expression of three representative hormone-regulated endogenous mRNAs analyzed by Northern blotting (pS2, cathepsin D and PR). These mRNAs are among the first characterized estradiol-induced human genes and considered either as good (PR and pS2) or bad (cathepsin D) pronostic markers in breast cancer. Previous work published by our laboratory and others has described the time-course of estradiol induction of pS2, cathepsin D and PR mRNAs in MCF7 cells (Westley et al. 1984 , May et al. 1989 , Rochefort 1995 . In these former studies, estradiol stimulation was performed continuously at high doses (10 nM) and all three mRNAs inductions were sustained for at least 48 h. In the present study, gene activation by estradiol was sustained at a high level for pS2 between 12 and 48 h (only small variations were noticed during the study period) whereas, for cathepsin D and PR, a decrease in mRNA synthesis was observed from 36 h, the highest activation being at 12 h. This might reflect structural differences of these two genes at the promoter level, generating variations in the affinity (or dissociation kinetics) of ER for their corresponding EREs. The same results concerning pulsed and continuous stimulations were obtained for the transiently transfected reporter construct containing an ERE which is widely used to allow the assessment of ER transcriptional activity in a simplified context (Demirpence et al. 1992 , Gronemeyer & Laudet 1995 .
In the present study, we have also compared the effects of pulsed or continuous estradiol treatment on the proliferation of normal human breast epithelial cells and of human breast cancer cells. Normal human breast cell cultures provide a pertinent experimental model (Gompel et al. 1986) to predict breast carcinogenic risks, since proliferation is a major mechanism in the occurrence of breast cancer involving estrogens (IARC 1999) . Since it might be claimed that experimental models for cancer behave differently from normal breast cells in various aspects, we decided that it was necessary to experiment on both hormone-sensitive models. However, normal human breast cells are difficult to cultivate and to handle and this represents a limiting factor for the performance of extensive studies. By contrast, human breast cancer cell lines are more convenient to work with and their biology is therefore better characterized, which justifies their wider use and renders comparisons easier between experiments. While normal breast cells proliferated regularly over the 7-day study period, proliferation was greater in the presence of estradiol and there was no difference in the proliferation of cells receiving a pulsed treatment compared with cells receiving a continuous treatment. The highest significant difference between estradiol-treated cells (pulsed and continuous) compared with untreated controls was obtained on day 7. In the six breast cancer cell lines examined, we confirmed that the growth of ER cells remained poorly responsive, whereas the proliferation of the three ER+ cell lines was dramatically stimulated by the addition of estradiol as a 1-h pulse or in continuous treatment. The effects of estradiol on breast cancer cell proliferation were concentration dependent and our results are in agreement with the dose-response effects reported in the literature (Lippman et al. 1976) . Moreover, as observed in normal cells, the stimulatory effects of a pulsed or a continuous treatment were similar at all concentrations assayed when cells received the same 24-h hormonal exposure (concentration time). However, the degree of overall estrogenic stimulation and the profiles of the dose-response curves were somewhat different among those three models. The concentrations of ER are very similar in the three lines (data not shown) and there is no evidence in the literature for a difference in the affinity of ER for estradiol in those cells which could simply explain such differences in the degree of response. These data might therefore reflect either different contributions of non-genomic effects (Pietras & Szego 1999) or be the result of distinct interactions between intracellular regulatory pathways within cell lines. For example, synergisms between the ER and the tyrosine kinase transmembrane receptor pathways are important and cell and/or gene specific (Vignon et al. 1987 , Ignar-Trowbridge et al. 1992 , Kato et al. 1995 , Migliaccio et al. 1996 . If the basal growth level is high, as in MCF7 cells (in which insulin-like growth factors are potent mitogens), a minimal concentration of estradiol might be sufficient to synergize to reach an optimal growth rate, whereas higher concentrations are needed in T47D or ZR 75-1 cells which are much less sensitive to those factors and have a lower basal growth rate.
The present results have demonstrated that a pulsed incubation could produce, on gene expression and cell proliferation, the same effects as a continuous incubation, both in their extent and duration. This is in agreement with the results of Otto (1995) who has demonstrated that a pulse of estradiol as short as 1 min is sufficient to ensure the expression of the PR gene and cell proliferation in the MCF7 cell line. In addition, our data indicated that the two types of treatments are equivalent, on condition that the same exposure is provided in the experimental system; effects were similar although concentrations (high versus a low level) and incubation periods (short versus long) were different. Marth and Daxenbichler (1985) have similarly underlined the importance of the time to hormone exposure on the proliferation of breast cancer cells in experiments where time and concentrations were modulated. They suggested that the ER was a sensor measuring the time of estradiol exposure in a linear manner; proliferation could thus be predicted by the sum of pulses to which the cells would be exposed.
A continuous incubation was therefore not a requirement for sustained activity but, to achieve the same effects on the described endpoints, a short incubation needed higher concentrations as highlighted by the dose-response proliferation study. An important parameter to consider is hormone retention in both types of treatment. As shown by the cell retention study performed in human normal breast cells, pulsed incubation with high estradiol levels leads subsequently to transient high levels of total intracellular estradiol. This is in agreement with the passive diffusion of estradiol through cell membranes, which is influenced by the concentration gradient. However, an important point is the concentration of the remaining nuclear ER-bound hormone following the pulsed administration. Several parameters, such as variations in ER levels or deactivation signals, must also be taken into account. In response to estrogenic stimulation, ER expression is regulated both by transcriptional and post-transcriptional mechanisms (Saceda et al. 1988) . More recently, post-translational control involving proteasomemediated degradation of the receptor upon estrogen treatment has also been demonstrated and appears to be linked to transcriptional activation (Lonard et al. 2000 , Wijayaratne & McDonnell 2001 . In addition, the association of liganded ER with DNA (Shang et al. 2000) or coactivators (Stenoien et al. 2001) appears to be highly dynamic and the stability of the ER:estradiol complex could be influenced by the interaction with coactivators (Gee et al. 1999) . Other parameters could also participate in the modulation of ER availability and nuclear distribution, complex stability or ligand dissociation rate and further studies are required to address some of these aspects in response to the two different modes of treatment. Altogether, the data described herein demonstrate a similar efficacy of a brief estrogen incubation by comparison with sustained incubation on genomic and proliferative responses, thus further validating the concept of pulsed estrogen therapy.
